Compared fixation and survival of 280 lateralised vs 527 standard cementless stems after two years (1–7)  by Cantin, O. et al.
OC
c
O
a
6
b
c
d
A
R
A
K
T
F
B
L
1Orthopaedics & Traumatology: Surgery & Research 101 (2015) 775–780
Available  online  at
ScienceDirect
www.sciencedirect.com
riginal  article
ompared  ﬁxation  and  survival  of  280  lateralised  vs  527  standard
ementless  stems  after  two  years  (1–7)
.  Cantina, A.  Vistea,∗,b,c,d, R.  Desmarcheliera,  J.-L.  Bessea,b,c,d, M.H.  Fessya,b,c,d
Service de chirurgie orthopédique et traumatologique, hospices Civils de Lyon, centre hospitalier Lyon-Sud, 165, chemin du Grand Revoyet,
9495 Pierre-Bénite cedex, France
Université de Lyon, Lyon, France
IFSTTAR, UMRT 9406, laboratoire de biomecanique et mécanique des chocs, 69500 Bron, France
Université Claude-Bernard Lyon 1, 69100 Villeurbanne, France
a  r  t  i  c  l e  i  n  f  o
rticle history:
eceived 17 March 2015
ccepted 26 August 2015
eywords:
otal hip replacement
emoral offset
one remodelling
ateralised stems
a  b  s  t  r  a  c  t
Background:  Restoring  the  native  hip  anatomy  increases  hip  prosthesis  survival,  whereas  increased
femoral  lateralisation  creates  high  torque  stresses  that  may  alter  prosthesis  ﬁxation.  After  ﬁnding  lucent
lines  around  cementless  lateralised  stems  (CorailTM, DePuy  Synthes,  St Priest,  France)  in  several  patients,
we evaluated  the  effects  of  lateralisation  in a  large  case-series.  The  objective  of our study was  to  compare
lateralised  vs  standard  stems  of  identical  design  in  terms  of  radiological  osteo-integration  and  survival.
Hypothesis:  Lateralised  stems,  despite  being  used  only  when  indicated  by  the  anatomical  parameters,
carry  a higher  risk of impaired  osteo-integration.
Materials  and  methods:  A retrospective  study  was  conducted  in 807  primary  total  hip  arthroplasties
(THAs)  performed  between  2006  and  2010  in  798  patients  with  a mean  age  of 65  ± 14.2 years.  Lateralised
stems  were  used  in 280  cases  (Corail  High  Offset  KHO,  n  = 169;  and  Corail  coxa  vara  KLA,  n =  111  cases)
and  standard  stems  in 527  cases  (Corail  KA).  Mean  follow-up  was  2.3 years  (range,  1–7 years).  The
clinical  evaluation  included  determination  of  the  Postel-Merle  d’Aubigné  (PMA)  score.  Bone  ﬁxation  and
stability  of the implants  were  assessed  by determining  the  Engh  and  Massin  score  and the ARA  score  on
the  radiographs  at last  follow-up.  Femoral,  acetabular  and  global  offset  values  were  determined  before
and after  THA.  Nobles’s  Canal  Flare  Index  was computed.  Survival  was  estimated  using  the  Kaplan-Meier
method  with  surgical  revision  for  aseptic  loosening  as  the  end-point.
Results:  The  PMA  score  improved  from  12  (10–15)  pre-operatively  to 17.7  (14–18)  (P < 0.05).  After  THA,
in  the  lateralised  stem  group,  femoral  offset  was  restored  in 217  (77%)  hips  and  the  mean  change  vs
the  pre-operative  offset  value  was  −2 mm;  in the  standard  stem  group,  femoral  offset  was  restored  in
440  (83.5%)  hips  and  the  mean  change  was  +1  mm.  The  Engh  and  Massin  score  values  were  similar  in
the  standard  stem  and  lateralised  stem  groups  (24.4  ± 2.2 and  22.6  ± 2.4,  respectively,  NS).  Revision  for
aseptic  loosening  was  required  in  5 patients  with  lateralised  stems  (3  KHO  and  2  KLA)  versus  none
of  the  patients  with  standard  stems.  There  were  no cases  of  excessive  femoral  offset  and  the  mean
change  in  offset  was  −2.3 mm  (−5.3  to  −1.1).  Noble’s  index  was  increased  (4.27 ±  0.5  for  the  loosened
lateralised  stems,  3.65  ±  0.8  for the  well-ﬁxed  lateralised  stems  and  3.82  ± 0.6 for the  standard  stems),
with  no signiﬁcant  difference  across  groups.  Overall  survival  after  3.5 years  of  follow-up  was  94.6%  (95%
conﬁdence  interval,  88.4–100%)  with  lateralised  stems  and 100%  with  standard  stems  (P <  0.05).
Discussion:  The  risk  of  aseptic  loosening  was  signiﬁcantly  higher  with  the  lateralised  stem  (5/280,  1.8%)
than  with  the  standard  stem  (n =  0). Our  ﬁndings  indicate  a need  for  careful  preparation  to  obtain  primary
ﬁxation  of  lateralised  stems.
Level  of evidence:  III, retrospective  case-control  study.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Tel.: +33 478 863 738; fax: +33 478 865 934.
E-mail address: anthony.viste@chu-lyon.fr (A. Viste).
http://dx.doi.org/10.1016/j.otsr.2015.08.002
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.1. IntroductionLateralised femoral stems allow replication of the native femoral
offset, thereby restoring the biomechanical architecture of the high
offset hip [1] and preserving the abductor muscle lever arm to
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ptimise functional recovery. These effects increase abductor mus-
le strength [2,3] and joint motion range [4], diminish limping, and
horten walking-aid use [5,6]. Femoral offset restoration decreases
olyethylene wear [7,8] and the risk of dislocation [1,2,9]. Replica-
ion of the native hip anatomy improves prosthesis survival [10],
hereas increasing the femoral offset elevates the torque stresses,
hus inducing a risk of suboptimal stem ﬁxation [11].
However, the potential impact on femoral stem ﬁxation of
estoring an originally high offset value has received little research
ttention [12]. In our experience, radiological abnormalities requir-
ng femoral stem revision can develop after the implantation of a
ateralised femoral stem.
The objectives of this study were to compare cementless lat-
ralised stems and standard stems of identical design in terms
f radiological bony ongrowth and survival. Our hypothesis was
hat lateralised stems, despite being used only when indicated by
he anatomical parameters, carry a higher risk of impaired osteo-
ntegration.
. Patients and methods
.1. Patients
This retrospective, comparative, observational study compared
wo groups of consecutive patients. Between September 2006 and
ecember 2010, the same senior surgeon consecutively performed
07 primary total hip arthroplasties (THAs). A lateralised stem was
sed in 280 cases (169 KHO, 111 KLA) and a standard stem in 527
ases (KA). The same pre-operative radiological templating tech-
ique was used in all patients, and stem selection was based on the
ative femoral offset.
The 807 THAs were performed in 798 patients (524 males
nd 274 females) with a mean age of 65 ± 14 years (16–88) and
 mean body mass index (BMI) of 25.9 ± 3.6 (18–36). The later-
lised stem group was composed of 192 males and 88 females
ith a mean age of 65.3 ± 13 years (16–88) and a mean BMI  of
5.9 ± 3.7 (18–36). The standard stem group comprised 332 males
nd 186 females with a mean age of 64.9 ± 13 years (33–88) and a
ean BMI  of 26.2 ± 3.3 (19–35). The reasons for THA were primary
ip osteoarthritis (n = 630, 78%) and avascular necrosis (n = 177,
2%). Exclusion criteria were factors that interfered with femoral
ffset measurements, namely, acetabular protrusion (n = 8), devel-
pmental dysplasia (n = 6), and post-traumatic abnormalities with
alunion (n = 2). No signiﬁcant differences were found between
he two groups regarding age, reason for THA, or BMI  (Table 1).
able 1
istribution of age, gender, body mass index, and reasons for total hip arthroplasty
n  the groups managed with lateralised stems (KHO + KLA) and standard stems.
Lateralised
stems
KHO and KLA
Standard stems P value
Age 65.3 ± 13.6 64.9 ± 13.4 NS
Body mass
index
25.9 ± 3.7 26.2 ± 3.3 NS
Gender
Female 88 (31%) 190 (37%) NS
Male 189 (69%) 332 (63%)
Reason for THA
Primary hip
osteoarthritis
218 (78%) 432 (82%) NS
Avascular
necrosis
62 (22%) 95 (18%)
HA: total hip arthroplasty; NS: non-signiﬁcant.Fig. 1. The three Corail stem options. KA ad KS: standard stems; KHO: high offset
stem; KLA: varus stem.
2.2. Methods
The CorailTM system (DePuy Synthes, St Priest, France) used
in this study was  available as three options (Fig. 1). One was the
standard stem (KA) with a normal offset, a collar, and a 135◦ neck-
shaft angle. The other two added 7 mm  of offset compared to the
standard stem: the high offset collarless option (KHO) had a 135◦
neck-shaft angle and the coxa vara collared option (KLA) had a varus
neck-shaft angle of 125◦. All three options were straight double-
tapered stems made of titanium alloy (Ti6A14 V) and covered along
their entire length with a 155 ± 35 m hydroxyapatite coating.
The postero-lateral approach was  used. Preparation was  the
same for all collared and collarless stems, with femoral cancellous
bone compaction by the broaches. Implant size was  recorded in
both groups. The following cups were used: dual-mobility metal-
backed press-ﬁt and polyethylene, n = 412 (always with a 28-mm
ceramic head); metal-backed press-ﬁt and alumina ceramic, n = 371
(with an alumina ceramic head, measuring 32-mm in 66 cases and
36 mm in 305 cases), and metal-metal with a diameter of 54 to
60 mm,  n = 24 (ASRTM bearings).
2.3. Clinical and radiological evaluations
The clinical evaluation relied on the Postel-Merle d’Aubigné
(PMA) score [13] before surgery and at last follow-up (at least
12 months after surgery). Antero-posterior, standing, actual-size,
pelvic radiographs with the patellae in the coronal plane were
obtained before surgery and at last follow-up. The extra-medullary
parameters measured for the study were femoral offset, acetabular
offset, and global offset. Medialisation was deﬁned as a greater than
5-mm difference between the pre-operative and post-operative
values (arbitrarily assigned a minus sign), lateralisation as a differ-
ence greater than +5 mm,  and unchanged offset as a value within
5 mm of the original value in either direction. The endo-medullary
study parameters were the proximal and distal diameters of the
femoral canal. Noble’s Canal Flare Index was  computed [14]. Bone
ﬁxation and implant stability were assessed based on the Engh
and Massin score [15] and ARA score [16] determined on the
radiographs obtained at last follow-up and compared to the post-
operative radiographs. The location of lucent lines was described
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Table  2
Pre-operative to post-operative change in offset with the lateralised stems (KHO
and KLA).
Femoral offset Acetabular
offset
Global offset
Medialisation
n (%)
25 (9) 115 (41) 93 (33)
Change no
greater than
5 mm in either
direction
n  (%)
217 (77) 148 (53) 153 (55)
Lateralisation
n  (%)
38 (14) 17 (6) 34 (12)
Mean change
(mm)
−2.1
(−11.8 to +9.5)
+4.70
(−6 to +14.2)
+5.3
(−2.7 to +14.2)
P  value for the
difference
between
pre-operative
and
post-operative
NS < 0.05 < 0.05
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Table 3
Pre-operative to post-operative change in offset with the standard stems.
Femoral offset Acetabular
offset
Global offset
Medialisation
n (%)
23 (4.5) 200 (38) 195 (37)
Change no
greater than
5 mm in either
direction
n  (%)
440 (83.5) 301(57) 290 (55)
Lateralisation
n  (%)
64 (12) 26 (5) 42 (8)
Mean change
(mm)
+1.1
(−7 à +9)
+4.9
(−8.4 à +12.1)
+4.2
(−2.9 à +10.9)
P  value for the
difference
between
pre-operative
and
post-operative
NS < 0.05 < 0.05
absence of excessive post-operative offset: the original femoral off-values
S: non-signiﬁcant.
ccording to the Gruen’s seven zones on the antero-posterior view
17].
.4. Statistical methods
JMP  software version 7.0 (SAS, Cary, NC, USA) was  used for
he statistical analysis. Values of P ≤ 0.05 were considered signiﬁ-
ant. Survival was analysed according to the Kaplan-Meier method,
ith surgical revision for aseptic loosening as the event of inter-
st and censoring of patients who died or were lost to follow-up.
he Log Rank test was  used to compare survival curves. Offset
alues before and after surgery were compared using the signed-
anks Wilcoxon test for paired data. To compare score values and
adiological parameters before and after surgery, the signed-ranks
ilcoxon test was performed. No imputation was performed for
issing data.
. Results
After the mean follow-up of 2.3 years (range, 1–7 years), in the
verall population, 8 patients had been lost to follow-up (6 in the
ateralised stem and 2 in the standard stem group) and 12 patients
ad died (3 in the lateralised stem and 9 in the standard stem
roup); information on the status of the stem at the time of death
as available for these 12 patients. The PMA  score was 12 (10–15)
re-operatively and 17.7 (14–18) at last follow-up (P < 0.05). The
ean PMA score at last follow-up was not signiﬁcantly different
etween the standard stem group (17.7 ± 0.3) and the lateralised
tem group (17.1 ± 0.9). Femoral offset restoration was  achieved in
17 (77%) hips in the lateralised stem group, with a mean change
fter surgery of −2 mm,  and in 440 (83.5%) hips in the standard stem
roup, with a mean change of +1 mm (Tables 2 and 3). Both acetab-
lar offset and global offset were diminished post-operatively, due
o medialisation of the cup (P < 0.05).
Table 4 reports the radiological Engh and Massin scores and ARA
cores at last follow-up for the hips in the lateralised stem group,
ccording to whether offset remained within 5 mm of the original
alue or changed by more than 5 mm in either direction. No sig-
iﬁcant differences in osteo-integration were found between the
ubgroups deﬁned based on the offset change after surgery or the
ffset value. Noble’s index was not signiﬁcantly different between
he subgroups with versus without a greater than 5-mm changevalues
NS: non-signiﬁcant.
in offset (Table 4) and was not signiﬁcantly associated with bony
ongrowth to the stem.
The standard stem and lateralised stem groups showed no sig-
niﬁcant difference regarding impaired ﬁxation. In contrast, reactive
lines and lucencies were more common in the lateralised stem
group, which consequently had lower scores for stability and ﬁx-
ation (Table 5). In the 5 hips with symptomatic aseptic loosening,
stem size was  consistently less than 11 (Table 6) and femoral lucen-
cies were visible in Gruen’s zones 1 and 2 [17], as well as bone
sclerosis in zones 3 and 5 (Fig. 2). In one of the patients with
aseptic loosening, an ASR cup was  implanted. The 5 stems that
required revision surgery did not exhibit excessive femoral offset,
and their mean change in femoral offset compared to the native
value was −2.3 mm (−5.3 to −1.1). Noble’s index was  higher for the
loosened lateralised stems (4.27 ± 0.5) than for the well-ﬁxed later-
alised stems (3.65 ± 0.8) and standard stems (3.82 ± 0.6), although
these differences were not statistically signiﬁcant.
The survival analysis showed 5 (1.8%) cases of aseptic loosen-
ing in the lateralised stem group versus none in the standard stem
group. This difference was statistically signiﬁcant (P < 0.05). Fig. 3
shows the survival curves obtained with aseptic loosening as the
end-point. At last follow-up after 3.5 years, which was the time
of the last recorded event, survival without aseptic loosening was
100% in the standard stem group and 94.6% (95% conﬁdence inter-
val, 88.4%–100%) in the lateralised stem group. Of the 5 cases of
aseptic loosening, 2 occurred within the ﬁrst year (after 9 and 12
months, respectively) and three after 2 years or more (24, 36, and
40 months, respectively). In the lateralised stem group, 3 (1%) addi-
tional patients had radiographic abnormalities identical to those
in the 5 patients who  underwent revision surgery but with no
thigh pain or activity limitations. These 3 patients did not undergo
revision surgery.
4. Discussion
In our study, the group managed with cementless lateralised
stems had a higher frequency (1.8%) of revision surgery for aseptic
loosening compared to the standard stem group. This differ-
ence occurred although lateralised stem implantation induced no
change in femoral offset. Thus, impaired ﬁxation developed in theset was restored in 77% of hips managed with lateralised stems, and
the mean change in offset versus the pre-operative value in the sub-
group with aseptic loosening was only 2 mm.  In theory, increasing
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Table 4
Evaluation of osteo-integration and Noble’s index in the lateralised stem group according to femoral offset.
Femoral offset
change ≤ 5 mm in
either direction
Femoral offset
change > 5 mm in
either direction
Change in hips
with original
offset ≥ 45 mm
Change in hips
with original
offset < 45 mm
P value
Total Engh and
Massin score
22.8 (10.5–27) 23.4 (6.5–27) 22.9 (11–27) 23.38 (18–27) NS
Total  ARA score 5.6 (2/6) 5.6 (3–6) 5.6 (3–6) 5.6 (4–6) NS
Noble’s index 3.74 (2.28–5.81) 3.59 (2.68–6.1) 3.65 (2.2–6.1) 3.75 (2.5–5.4) NS
NS: non-signiﬁcant.
Table 5
Details on the Engh and Massin score in the groups managed with lateralised and standard stems.
Radiological parameters Lateralised stems
KHO and KLA
Standard stems P value
Fixation score/10 9.5 (2–10) 9.6 (6–10) NS
Stability score/17 13.1 (4–17) 14.8 (11–17) NS
Total  score 22.6 ± 2.4 24.4 ± 2.2 NS
Points lost because of the reactive lines item −0.25 −0.11 NS
Points lost because of the lucencies item −0.27 −0.02 NS
NS: non-signiﬁcant.
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he femoral offset carries a higher risk of loosening by magnifying
he stresses applied to the stem [18]. Investigations into the effects
f offset have focussed chieﬂy on cemented stems [12]. Rubin et al.
19] reported that high values of femoral offset or anteversion were
ssociated with micromotion and increased stresses at the implant-
one interface. In contrast, using cadaver femora, Davey et al. [20]
ound no increases in stress at the bone-cement interface or in axial
icromotion when femoral offset was less than 53 mm.  In a study
y Chang et al. [21], increasing neck length and femoral offset was
ssociated with a 24% rise in stresses applied to the cement mantle.
 clinical evaluation of the lateralised Iowa stem (Zimmer, Warsaw,
N, USA) performed by Cannestra et al. [22] showed a higher loos-
ning rate compared to the Harris stem (Zimmer). Both stems have
he same cylindrical design and rough coating, the only difference
eing a higher offset value for the Iowa stem. This cylindrical stemerosis in zones 3 and 5, 3 years after implantation of a lateralised stem.
design offers decreased resistance to rotational torque compared
to cornered stems. This fact may  explain the increased loosening
rate associated with higher offset values and indicates a need for
achieving stronger primary anchoring of the stem to limit the risk
of impaired ﬁxation. The double taper (in the coronal and sagi-
ttal planes) and cornered design of the CorailTM stem theoretically
ensure optimal primary ﬁxation.
Our study has several limitations. First, femoral offset was  mea-
sured on radiographs and not on computed tomography scans. This
choice was  based on the large sample size and potential high cost
of computed tomography. We  made every effort to maximise the
reproducibility of the radiograph acquisition protocol. Second, the
study was conducted retrospectively. Nevertheless, the very large
sample size supports the validity of our conclusions. Collared and
collarless stems were pooled, but the same operative technique
O. Cantin et al. / Orthopaedics & Traumatology:
Table  6
Distribution of implant sizes according to stem type.
Size KHO KLA Standard
8 Not available Not available (42) 8%
9a (12) 7% (37) 32% (37) 7%
10a (13) 8% (25) 22% (115) 22%
11a (46) 28% (30) 26% (127) 24%
12 (51) 30% (14) 12% (127) 24%
13 (21) 12.7% (5) 4% (47) 9%
14  (10) 6% (3) 2% (18) 3.5%
15  (9) 5% 0 (8) 1.5%
16  (4) 2% 0 (6) 1%
P  value vs the standard
stem group
P < 0.05 P < 0.05
aSizes of the stems that exhibited aseptic loosening in the group managed with
lateralised stems (KHO/KLA).
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[3] Yamaguchi T, Naito M,  Asayama I, Ishiko T. Total hip arthroplasty: the rela-ig. 3. Survival curves of the lateralised stems and standard stems, with revision
urgery for aseptic loosening as the outcome of interest. After 3.5 years, the 95%
onﬁdence interval for lateralised stem survival was 88.4%–100%.
as used in all cases, and all procedures were performed by the
ame surgeon. Finally, several different bearing-couples were used,
ncluding ASR cups; however, the main complications reported
ith these cups are pseudo-tumours and not impaired stem ﬁx-
tion.
The analysis of the radiological scores used to assess bony
ngrowth in the group managed with lateralised stems found no
vidence that the change in femoral offset affected the result.
owever, reactive lines and lucencies were more common in the
ateralised stem group. The gradual development of lines around
he stem, osteolysis, and focal osteosclerosis are multi-factorial
bnormalities [23,24]. In biomechanical studies, relative micro-
otion greater than 150 m at the implant-bone interface was
ssociated with inhibition of bony ongrowth to the stem [25].
hen proximal implant stability is inadequate, the stresses at the
mplant-bone interface are transferred distally [26,27]. Therefore,
 crucial step during pre-operative templating is a careful analy-
is of native femoral geometry (Dorr A champagne ﬂute canal or
orr C stove-pipe canal). The lateralised stems with aseptic loos-
ning had higher Noble’s index values compared to the well-ﬁxed
ateralised stems and standard stems. The most unfavourable con-
guration seems to be a narrow stove-pipe canal. In this situation,
 small lateralised stem is implanted. The vibratory effect increases
s the amount of titanium decreases. Thus, the risk of impaired
xation may  be greatest in the physically active patient with a
tove-pipe canal and a high offset value. Our sample was  too small
or an assessment of this hypothesis. Another contributory factor
ay  be that the cancellous bone is preserved during CorailTM stem Surgery & Research 101 (2015) 775–780 779
implantation and offers less resistance to the torque stresses
induced by the high offset value. Given this possibility, we now
seek to achieve cortical contact when implanting lateralised stems.
Distal reaming to allow the use of a larger implant may  deserve
consideration. A collar improves rotational stability, thereby con-
tributing to prevent loosening of standard stems [28]. Lateralised
stems are associated with high values of the varus and torque
moments, which may  promote loosening or absence of ﬁxation of
the stem, despite the presence of a collar on the KLA stem. The
absence of a collar on the KHO stem increases the risk of poor ﬁxa-
tion. A collared version of the KHO stem should be made available.
The analysis of time to loosening showed two  different pat-
terns. One was  characterised by early loosening, within the ﬁrst
year, indicating failure of primary stem ﬁxation due to the use of
an undersized stem. The second pattern consisted in loosening 2
or more years after surgery, due to inadequate bone remodelling
around the proximal stem and ﬁxation conﬁned to the distal stem,
which induced pain. Femoral lucencies and reactive lines developed
in Gruen’s zones 1 and 2, and osteosclerosis was seen in zones 3
and 5, reﬂecting inadequate bone adaptation to the stresses applied
by the stem.
The increased risk of loosening demonstrated by this study has
prompted us to modify our pre-operative planning procedure. We
use a lateralised stem when the pre-operative offset is greater than
45 mm  [27]. The result is restoration and preservation of the lever
arm of the abductor muscles with, however, a decrease in the global
offset value. When the native offset value is between 40 and 45 mm,
implantation of a lateralised stem counterbalances the mean auto-
matic medialisation of the prosthetic hip centre. Offset restoration
remains difﬁcult to achieve. The use of computed tomography for
pre-operative selection of the offset and limb length values has
been suggested [29] but is not easy to implement in everyday
practice. Restoring 75% of the original offset value is sufﬁcient to
obtain good functional outcomes [30]. Nevertheless, offset deﬁni-
tion and measurement using two-dimensional methods is open to
criticism (torsion, rotation, radiographic magniﬁcation) [31].
5. Conclusion
Lateralised stems were associated with a signiﬁcantly higher
risk of aseptic loosening (1.8%) compared to standard stems (no
cases). The original offset value should be restored. Long-term
radiological monitoring of reactive and lucent lines is important to
ensure the early detection of loosening. A study in a larger sample
size might allow the identiﬁcation of speciﬁc risk factors for asep-
tic loosening of lateralised stems and of a patient proﬁle associated
with this complication.
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